Folate-Modified Poly(malic acid) Graft Polymeric Nanoparticles for Targeted Delivery of Doxorubicin: Synthesis, Characterization and Folate Receptor Expressed Cell Specificity.
A novel amphiphilic biodegradable cholesterol and poly(ethylene glycol)-folate grafted poly(α,β-malic acid) (PMA-g-Chol/PEG-FA) was synthesized and characterized as self-assembled nanoparticles for targeted delivery of doxorubicin (DOX). The nanoparticles showed extremely low critical aggregation concentrations (CAC), appropriate zeta potential, narrow size distribution, good stability in serum conditions and negligible toxicity. After encapsulation'of DOX, PMA-g-Chol/PEG-FA nanoparticles showed significantly reduced cell viability (up to 30% for Hela and 27% for 4T1 cells) compared with the non-targeted ones on carcinoma cells with different levels of folate receptor (FR) expression. While no difference was detected on HEK293 cells (FR receptor negative) between the two nanoparticles. Addition of extra free folate obviously decreased the cellular mortality and inhibited the cellular uptake of targeted nanoparticles. In the Hela/HEK293 co-culture model, folate conjugated nanoparticles showed specific affiliation with Hela cells other than HEK293 cells, indicating good targeting property of the delivery system. As detected from ex vivo fluorescent imaging, PMA-g-Chol/PEG-FA nanoparticles could accumulate at tumor site with higher selectivity compared to PMA-g-Chol/PEG nanoparticles and DOX x HCl. In vivo antitumor studies confirmed the significant tumor inhibition efficacy of drug-loaded PMA-g-Chol/PEG-FA nanoparticles with lower toxicity to normal tissues than DOX x HCI at the same dosage.